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Phase transitions, especially redox processes in transition metal oxides, are of great interest in 
solid state chemistry. Their pathway and kinetics can be significantly changed when external 
agents such as electromagnetic fields, laser, electron or ion beam act on the solids. In the 
present work, we study electron-stimulated reduction of two maximal valence oxides V2O5
and MoO3 by means of electron beam irradiation in a transmission electron microscope. The 
reduction of MoO3 in hydrogen at high temperature leads to the formation of MoO2. Thermal 
decomposition of V2O5 produces V2O3. By electron beam irradiation, we obtain VO and MoO 
that cannot be produced by chemical reactions using reductants or a heat treatment, indicating 
that the reductions take place in an unknown way rather than in the accepted pathway via 
ordered removing of oxygen atoms and the crystallographic shear (CS) mechanism.  
Reduction of V2O5 by electron irradiation along different crystallographic directions ([001], 
[011], [133] and [-136]) shows no differences in the kinetics of the reaction and in all the 
cases, VO is the final product. An intermediate phase could not be found and all the 
intermediate diffraction spots appearing in the electron diffraction pattern can be explained as 
double diffraction of V2O5 and VO. TEM characterisation of the final product shows small 
crystallites of about 5-6 nm in size and nearly cubic (with faces parallel to the {100} planes of 
VO) separated by voids. A substructure (1-2 nm) could be seen in these grains by means of 
dark field imaging, which is coherent with the enlarged diffraction spots of the VO. Diffuse 
structures in the diffraction pattern of different orientations suggest a large amount of 
vacancies with short range ordering, and needle like streaks parallel to the (111) direction 
visible in the [011] orientation indicate planar defects (probably stacking faults) in the (111) 
planes. 
The routes of reduction of MoO3 induced by electron irradiation depend on the applied 
electron current density. In case of high current density (57.6 A/cm2), MoO with rock-salt 
structure was obtained. Satellite spots in the diffraction pattern after short time of electron 
irradiation indicate CS mechanism may play an important role in the early stage of reduction. 
HRTEM observations show a final rock-salt structure with defects. By EELS quantitative 
analysis, the O/Mo relative concentration ratio in the final reduced phase was determined as 
0.9, which also suggests a MoO composition. Though MoO with rock-salt structure was not 
reported before, it may exist as small domains within the MoO3 matrix.
All these indicate that the most probable mechanisms are an atomic displacement by a 
radiolysis process and a local rearrangement of the atoms by diffusion, which may be a 
radiation enhanced process, leading to the cubic NaCl structure as most stable with closed 
packed and isotropic sublattices.
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